High resolution neutron transmission and low background capture measurements were carried out on the separated rubidium isotopes, using the time-of-flight facility of the linear accelerator of Japan Atomic Energy Research Institute. Resonance parameters and associated quantities were deduced as follows:
INTRODUCTION
Neutron cross sections of rubidium are of importance for the following two reasons. First, Rb (Z=37) is an element of reactor poisons as one of the fission products (FP), and its cross section data are needed for reactor burn up calculations. Also for the study of neutron capture reaction on 85Kr, which is the precursor of 85Rb and a troublesome FP inert gas with a half life of ~10 yr, systematics of the cross sections in this mass region is useful. Secondly, resonance parameters and capture cross sections of the two Rb isotopes have been reported to be appreciably different from each other; average capture cross section of 87Rb is an order of magnitude smaller than that of 85Rb. This will be related to the fact that the two stable isotopes have 48 and 50 neutrons, which correspond to 2-neutron deficient and neutron closed shell nuclei, respectively.
For the nuclei in the closed shell region, intermediate structures are often observed as clustering of the resonance levels of large neutron widths. Hence, intermediate structures may be expected in the Rb resonances.
Neutron resonance parameters of Rb have been compiled in Ref. (1) . In the early latest experimental data are of Grebenyuk et al. (4) in 1969 on the separated isotopes, using the pulsed reactor with a 1,000 m flight path, in which 43 levels of 87Rb have been analyzed in the neutron energy region below 17 keV, and for 87Rb 10 levels below 23 keV.
Since the time-of-flight technique have been significantly advanced nowadays, remeasurements will allow us to produce a large amount of high resolution new data in wider energy region. The TOF spectrometer of the Japan Atomic Energy Research Institute (JAERI) linac(5) has a maximum resolution of 0.64 ns/m for a 47 m flight path and 0.15 ns/m for a 190 m flight path and it enables us to make high resolution experiments.
With this facility we have carried out neutron transmission measurements on natural Rb and separated isotopes of 85Rb and 87Rb. Also we have made capture cross section measurements to obtain accurate values of Gr.
Preliminary resonance parameters deduced from the transmission measurements at the 47 m station have been compiled in the new version of Ref. (1) .
II. MEASUREMENTS AND ANALYSES
A brief description on the experimental conditions is given in the following. The electron beam of the linac was 120 MeV in energy, ~3A
in peak current, ~20 ns in pulse width and 300 pps in repetition rate. Neutrons were produced in a water cooled Ta target, surrounded vertically by a 5 cm thickX20 cm diameter neutron moderator made of B loaded polyethylene. The neutron beams were conducted to the TOF stations through Fig. 1(a) ,(b) Neutron collimations and detector arrangements 9 evacuated flight path tubes.
In order to diminish g-flush to the TOF detectors, a 20 cm thick Pb shadow-ring and a 5 mm thick Pb filter was placed between the target and the flight tube. Neutron collimations and detector arrangements for the 47 m and the 190 m stations are illustrated in Fig. 1(a) and (b), respectively.
At the 47 m station, the detector system consisted of a 6Li-glass (3 mm thick) transmission type flux monitor, a Moxon-Rae detector, and a 6Li-glass (3.8 cmpX1.27 cm thick) neutron transmission detector (6) . Signals from the detectors at the 47 m station were analyzed with a time analyzer TMC-4096 with a minimum channel width of 31.25 ns. The neutron detector at the 190 m station was a stack of six 6Li-glass (12 cmpX1.27 cm thick) scintillators.
Time analyzer used was a computer based one (TOSBAC USC-3) with a minimum channel width of 25 ns. Data processes and resonance analyses were made with a large computer FACOM-M200
at the JAERI computing center, using the remote batch operating system through a terminal computer installed at the linac laboratory.
Isotopic compositions and the size of the Rb samples are listed in Table 1 . The separated isotopes of 85Rb and 87Rb were powder of RbCl, lent from Oak Ridge National Laboratory Isotope Pool. As 87Rb has a weak b activity (Eb=273 keV, t1/2=5X1010y), the sample preparation of this isotope was carried out under official permission for radioactivity treatments.
The thin sample named Rb-A in Table 1 was prepared by packing the natural RbC1 powder into a rectangular Al case with inner dimension of 120X80X2 mm3, and as for the sample named 85-A, 85RbCl powder was packed in an Al-disk case by pressing the powder using a die. The transmission data were analyzed to obtain gGn values of each resonance with a modified Atta-Harvey area analysis program (8) .
For large resonances, total width G and spin J are deduced from the point of intersection of the curves in (G, gGn) plane corresponding to the data for the samples of different thicknesses.
To check the interconsistency of resonance parameters obtained, a multi-level Breit-Wigner shape analysis program SIOB (9) was also employed for the analysis in the higher energy region. Curve fitting to the transmission data by the SIOB code is shown in Fig. 6 as an example. The s-wave resonances (L=0) were identified from the interference asymmetries in the transmission curves.
In Fig. 7 , TOF spectrum of capture events are illustrated. The measurements were made on the natural Rb sample (Rb-A) using the Moxon-Rae detector at the 47 m station.
In the analysis, the radiative width Gr was searched for until calculated capture area was made equal to the observed one for the given g and Gn value, using a program CAFIT. This program was extended from a Monte-Carlo program MCRTOF(10) which simulates the multiple scattering of neutrons in the sample for given cross section parameters. 
III. RESULTS AND DISCUSSIONS
The quantities deduced in the present measurements are summarized in Fig. 2 , where transmission spectra of 87RbCl, NaCl and natural Rb2CO3 are shown.
The values of gGn for both 85Rb and 87Rb in the present work are in rather good agreement with the previous work in the energy region below 5 keV.
Average Level Spacings
Average level spacing <D> can be estimated from the average gradient of the cumulative number of levels vs. neutron energy. The plots are shown in Fig. 8 for 85Rb and in Fig. 9 for 87Rb, respectively. A level is counted as one if its gG0n(=gGn/rE) is greater than the cut-off value V, and if not the level is omitted.
For each V value, staircase function is shown in Figs. 8 and 9 . The uppermost staircase in the figures are the ones without discrimination.
The total number of levels of each staircase function is defined as N(V) for each cut-off value V. Provided that gG0n obey the Porter-Thomas (P-T) distribution, the ratio of the total number of levels N(V)/N(O) will be equal to the integral of the P-T distribution above cut-off value to oo, which is written by the Erfc function:
'/I)22 (1) where p-V/<gG0n>.
Even for s-wave resonances, N(O) is in fact difficult to be determined experimentally because of missing of small s-wave levels and possible mixing of p-wave resonances.
Hence, In Fig. 8 observed level spacing between 3 and 13 keV is equal to 133 eV, the value determined from the P-T distribution. So it is considered that the mixing of p-wave levels is very small in this energy region. Below this energy region, appreciable mixing of p-wave levels make the apparent level spacing to 110 eV. Above this energy region, the apparent level spacing increases due to missing of small s-wave levels. Similarly, the <D> value for 87Rb are different from the value 1,700 eV, which fit to the staircase plot up to 50 keV, due to missing of small resonance levels. Probable p-wave resonances are asterisked in Tables 3 and 4 . With the discussion above, the following presumptions are deduced:
(1) 85Rb: about 10 s-wave levels might be missed in the energy region of 12~18 keV, and about 10 p-wave levels might be mixed below 3 keV.
(2) 87Rb: about 5 levels might be missed below 50 keV.
Neutron Strength Functions
The s-wave neutron strength functions S0 are determined from the average gradients Table 4 Table 5 . For 85Rb the average radiative width is obtained to be <Gr>= 328+-18 meV for 10 levels below 2.6 keV. Spins of all the 10 levels are found to be J=3.
For 87Rb Gr was determined for only one level at 376 eV (J=2) to be Gr=166+-8 meV.
For the other resonances, determination of
EGr was difficult because of small gGn value (267 eV) or too small capture yield to be analyzed (3,823, 5,115, 7,560 and 8,768 eV) .
Average radiative width of 87Rb is estimated to be <Gr>=166+-30 meV, assuming that Gr obey a X2 distribution with a degree of freedom n=60.
These Gr values are appreciably larger than those of Grebenyuk et al. (4) and Iliescu et al.(12) The ratio of the radiative widths for the two isotopes is Gr(85)/Gr(87)~2, and the Fig. 12 .
In order to know whether the structure comes from random fluctuation or not, a statistical test was made; probability of appearance of similar structure was sought in many sets of pseudo level sequences which were constructed by the random sampling of spacings from the Wigner distribution and the strengths from the Porter-Thomas distribution. The test showed that in about 20% on the pseudo level sequences a structure similar to the observed one was seen. In other word the observed level cluster is not due to the random fluctuation but due to intermediate structure, with a probability of ~80%.
The clusters of levels are reported in many nuclei, especially in the neutron closed shell or near closed shell nuclei; 81Br(17), 98Mo (18) , 139La (19) , 140Ce (20) , 141Pr (21) and many of Pb isotopes(22)(23). As 87Rb is an N=50 neutron closed shell nucleus, the observed cluster of the levels is inferred to be the same kind of intermediate structure as in the other closed shell or near closed shell nuclei.
6. Summary and Conclusion Neutron resonance parameters of 85Rb and 87Rb were obtained up to 18.5 and 48.6 keV respectively, by the analyses of the high resolution transmission and low background capture measurements using separated isotope samples. In Table 2 summary of the present experiments is shown.
Large differences in level spacing <D> and radiative width <Gr> were confirmed between the two isotopes. For 85Rb, resonance levels distribute nearly homogeneously over the observed region, and gG0n obey the Porter-Thomas distribution. For 87Rb, four strong s-wave resonances exist between 3.8 and 8.8 keV, and construct an intermediate structure which can be attributable to the N=50 neutron closed shell effect. To clarify the intermediate and fine structure near closed shell, further investigations including intercomparison of the level dispositions in neighboring nuclei will be needed.
